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1.  INTRODUCTION 


The  U.S  Anny  Research  Laboratoiy  (ARL).  Aberdeen  Proving  Ground,  MD.  is  conducting 
investigations  into  the  effects  of  high-energy  plasma  injection  (Electrothennal-Chemical  [ETC]  Gun 
Program)  to  augment  and  control  the  combustion  of  propellants  and  working  fluids.  A  closed  diamber 
vessel  is  utilized  to  investigate  the  propellant  combusdon.  Ignititm  is  caused  by  an  electiic  mttch 
(cmventional  ignition)  or  by  electrical  energy  (plasma  injection),  which  may  also  augment  ttie  prc^rellaat 
energy.  The  electrical  energy  is  suf^lied  by  capacitor  banks  and  pulse-forming  networks  (PFN).  The 
prt^rellant  ignition  can  also  be  accomplished  by  the  combination  of  a  convemirmal  ignition  followed  by 
the  discharge  of  electrical  energy.  The  electrical  energy  is  injected  imo  the  closed  bomb  throu^  an 
insulated  electrode  whose  tip  is  connected  to  a  grounded  "erosion  nozzle"  by  a  nickd  wire  (Fbrtier  et  aL 
1993).  The  disintegration  of  this  thin  wire,  caused  by  the  high-energy  input,  and  the  subsequent  oUation 
of  a  thin  polyethylene  tubing  or  "ci4)illary"  (plasma  capillary  chamber),  which  holds  the  nickel  wire  in 
place  inside  an  insulated  E-glass  fiber  cylinder  (80%  glass  continuous  roving  spool  and  20%  epoxy), 
creates  a  superheated  jet  which  vents  into  the  combustion  chamber.  This  jet  (plasma)  reacts  with  the 
propellant,  or  working  fluid,  causing  its  combustion.  The  question  of  pressure  gain  potential  obtained  by 
the  conventional  (electric  match)  propellant  ignition,  followed  by  the  plasma  injection  process,  is  of 
interest  However,  in  order  to  investigate  this  process,  a  method  for  delayirtg  the  trigger  of  the  electrical 
(PFN)  discharge  had  to  be  developed.  This  report  discusses  the  details  of  the  implementatkm  of  the  delay 
circuit 

The  design  of  a  fiber  optic  circuit  to  control  high-voltage  relays  for  the  purpose  of  charging  and 
discharging  the  PFNs  is  also  discussed.  This  circuit  employs  normally  "closed"  relays  that  force  the 
dissipation  of  the  stored  capacitive  energy  to  ground.  When  the  relay’s  status  is  "open,"  the  PFN  is 
enabled  for  charging. 

2.  BACKGROUND 

The  sequence  of  the  plasma-augmented  combustion  first  begins  with  the  ccmventional  igniticm  of  ttie 
imrpellant  in  the  45-cm^  vessel’s  propellant  combustion  chamber.  It  ends  up  with  the  dectrical  energy 
beitig  injected  in  tire  S-cm^  plasma  capillary  chamber  (see  Hgure  1)  as  the  plasma  initiated  by  tire 
discharge  transfers  the  energy  to  the  already  ignited  propellant  during  its  later  portirm  of  pressurization. 
An  amfdified  pressure  transducer  signal  is  used  to  enable  a  voltage  detector  circuit  to  trigger  a  time  dday 
generator  ^ch  subsequently  triggers  the  PFN  ignition  switch  at  very  early  stages  of  tiie  (MOpellant 
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propellant  chamber 


Figure  SO-on^  closed  chamber  vessel. 

pressure  profile.  The  voltage  detector  aDows  die  triggering  of  the  time  delay  generator,  and  subsequently, 
the  introducdon  of  variatde  time  delays,  making  possible  the  determinatioo  of  die  best  time  fiame  fix'  the 
fdasma  injection  and  studies  to  characterize  electrical  energy  optimization. 

The  closed  dumber  ETC  firing  circuit  was  seen  to  introduce  an  inherent  100*ps  delay  between  its 
triggering  time  and  the  time  that  the  PFN  discharges  Ognitron  switching)  into  the  closed  chamber.  Also, 
a  SO-ps  delay  was  observed  (Oberie  and  Katulka  1993)  bdweoi  die  time  that  plasma  was,  injected  into 
the  vessel  and  the  time  that  the  related  pressure  was  detected  inside  the  vessdQ’igure  2).  Therefore,  these 
delays  had  to  be  taken  into  account  if  a  preset  time  delay  was  adtted  between  die  time  of  die  oonveotional 
ignition  process  and  the  time  of  injection  of  the  dectrically  goierated  plasma  into  the  propellant.  The  total 
time  delay  had  to  allow  die  plasma  energy  to  be  added  prior  to  the  point  of  mismddi  between  assumed 
propdiaiit  geometry  and  actual  geometry.  This  will  ofien  occur  after  fHopdlant  grain  divering 
(Oberie  et  aL  1993).  Slivering  occurs  uriien  the  propellant  web  burns  throu^  and  die  calculated  surCroe 
area  is  no  hmger  reliable. 
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Figure  2.  PFN  current  input  vs.  closed  chamber  pressure  output 

3.  EXPERIMENTAL  DETAILS  AND  APPARATUS 

Data  acquisition  for  voltage  and  di/dt  PFN  output  usually  requires  a  foster  sampling  rate  than  the  one 
used  for  luessure  (PT  traces)  as  foe  initial  transfer  of  foe  electrical  energy  from  foe  PFN  into  foe  closed 
chamber  occurs  at  a  much  faster  rate  foan  foe  propellant  pressure  rises  Q-e.,  for  M5,  Really  800  ps  for 
electrical  energy  up  to  90%  rise  and  1.8  ms  for  90%  pressure  rise).  As  a  result,  a  substantial  difference 
between  samffong  rates  during  ETC  closed  chamber  firings  (i.e.,  0.S  ps^x)  for  voltage  and  (L/dt  data 
acquisition  vs.  foose  used  (i.e.,  5  ps/^  or  10  ps/pt)  for  pressure,  made  difficult  the  detenninatitm  of  the 
predse  mmnent  foe  chamber  pressure  began  to  rise  with  tespea  to  the  electrical  enmgy  iiqML  For  that 
purpose,  (Ml  S-8  April  1993  several  ETC  firings  were  poformed  with  an  empty  chamber  (no  propellant) 
using  foe  same  0.5  ps^^t  for  bofo  PT  and  electrical  data.  These  tests  utilized  an  E-glass  him’,  erosion 
nozzle,  and  nickel  wire  ctmfiguration  at  IS  KJ  (3  KV),  i^ch  simulated  the  experimental  configuratian 
used  for  tyiHcal  ETC  firings  (Fortier  et  al.  1993). 

For  an  test  cases,  it  was  observed  that  the  pressure  trace  started  to  rise  after  foe  current  peaked  and 
reached  its  maximum  valire  when  the  electrical  energy  input  was  OMnpleted.  The  current  pulse  required 
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an  aveiage  of  200  ps  6om  initiatim  time  to  peak,  and  the  delay  for  die  rise  of  die  pressure  pulse  for  an 
firings  was  about  SO  ps  from  die  current  inidation  dme.  Therefore,  the  transfer  of  energy  fiom  the 
to  the  oombusdon  chamber  showed  an  average  delay  of  250  ps.  This  transfer  of  energy  was  com;deted 
after  1.2  ms.  which  was  in  agreement  with  the  analydcally  calculated  current  profile  for  diis  300-KJ 
(see  Hgure  3). 
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Figure  3.  Analvdeal  (Microcao  III)  current  and  energy  profiles  of  300  KJ  PFN. 


Before  a  propellant  charge  could  be  initiated  conventionally  and  electrical  energy  added  at  a  latter 
tinw,  it  was  essential  that  the  triggering  delay  associated  with  the  electrical  energy  irqiut  (nocess  was 
minimiz^rf,  SO  diat  the  available  time  frame  for  [dasma  injection  was  maximized.  The  2S0iis  time  dday 
between  the  ignition  triggering  and  die  delivery  of  die  electrical  energy  was  ftiund  to  indude  an 
undesirable  100-ps  delay  introduced  by  die  ignition  imi»lse  firing  dreuit  This  delay  was  eliminated  by 
triggering  die  ignition  from  a  piezo-electric  pressure  transducer  via  fiber-optic  link,  utilidng  the  amplifying 
voltage  detector  circuit  shown  in  Figure  4. 

Signals  frenn  a  Kisder  quartz  pressure  transducer  (model  607C4)  are  processed  by  a  Kisder  Dual  Mode 
Voltage  Charge  Amplifier  (model  5(X)4).  A  fiber-optic  link,  consisting  of  a  transmitter  (Dymec 
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Figure  4.  PFN  triggertoit  system  layout 

modd  6723)  and  a  receiver  (Dymec  model  6722),  transfers  ttiis  signal  from  the  range  to  dm  amplifying 
voltage  detector  (see  Hgure  5).  Theprevious2S0-}istimedelay  was  reduced  to  150  ps.  providing  a  wider 
time  frame  for  die  injected  {flasma  to  interact  with  the  burning  pnqpdlant  and  afifea  its  burning  rate.  Ite 
amidifying  voltage  detector  has  a  delay  of  less  tlum  1  ps  and  outputs  over  3  V  with  a  mininial  input  signal 
of  400  mV,  whidi  oonesponds  roughly  to  1/20  of  die  maximum  pressure  rise  (8.05  V  calflxation  outpid 
or  50,000  psi  maximum).  The  final  pressure  rise  diould  then  not  exceed  20  times  this  minimum  pressure 
trigger  level. 

The  first  q)|»oach  was  to  utilize  an  existing  "impulse  bomb  igniter  firing  ciicuit”  to  eneigize  die 
electric  match.  This  drcuit  is  manually  triggered  and  has  enough  power  ou^xit  to  provide  input  to  bodi 
the  electiic  matdi  firing  circuit  and  to  a  parallel  ignitron  circuit  By  adding  a  dme  delay  generator  in 
series  widi  diis  ignitnm  input  dicuit  die  FFN  could  be  fired  widi  a  selected  time  delay  when  die  manually 
triggered  impulse  had  ignited  die  electric  match.  This  setup  required  diat  the  magnitude  of  eadipropdlant 
ignidon  dme  ddi^  involved  (different  from  shot  to  shot)  had  to  be  determined  in  advance.  Without 
knowing  dds  delay,  dme  would  be  no  means  of  controlling  the  (dasma  injection,  wUcfa  is  critictd  in 
understanding  die  effects  of  the  plasma  energy  tm  die  later  portions  of  the  pressure  rise.  However,  if  the 
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Pn<  is  li^fmd  Itam  pranm  file  dw  ID  tile  impdlatt  ipitkia,  ihm  ttK  fFN  em  Ik  ttioBml  at 
a  ^ven  vokage  dgpal  (approximatBly  400  mV  with  the  addlto  ci  dm  vobaoe  detecmr  dicuft)  which 
coneqxmds  to  a  known  time  during  the  pressure  rise.  Triggering  at  that  given  voltage  ensmes 
iqremshili^  flnom  riKK  to  «hot 

The  closed  pressure  vessel  (closed  bomb)  riiown  in  Rgure  1  consists  of  a  plasma  cqiillaiy  chamber 
(ETC  injection  side)  nd  a  45^^  pnqMllam  combustioo  chamber.  The  combnstioo  chamber  pressure 
rise  is  detected  by  the  piezo-electric  pressure  transducer  (Kisder  607C4)  sent  to  a  charge  amplifier 
(Kisder  5004  Dual  Mode  Chaige  Amplifier)  and  transmitted  by  fiber  opdc  lirdi  (Dymec  6720  Transmitter 
Receiver  pair)  into  the  am{riifying  voltage  detector  dicuit  This  circuit  initiates  a  time  delay  genermor 
vdiidi  triggers  the  igrrimm  switch  (see  Figure  5).  causing  die  plasma  to  be  injected  into  the 
combustion  chamber  of  die  vessel  (see  Hgure  1).  The  time  delay  generator  conaats  of  a  powm'  sqiply. 
a  trigger  channel,  and  delay  panels  which  allow  different  delays— from  microseconds  to  milliseconds 
(models  401S0-J.  401S0-1. 401S(Ki,  and  40150-Q.  This  delay  generator  has  a  maximum  input  of  10  V 
at  200  mA  and  outputs  two  signals,  one  directly  to  the  PFN  ignition  (SOO-V  maximum)  and  a  synchronous 
(10-V  maximum)  output  to  enaUe  connections  to  die  odier  panels  or  other  instrumottation.  sudi  as  a 
digital  oscflloscope,  for  triggering  purposes. 


In  nonnd  doaed  dumber  tedi.  two  premie  fuiges  moniior  tiu  premie  riae  in  die  combmtion 
dumber— one  moamed  at  the  muzzle  end  of  the  dumber  and  a  aeoond  mourned  in  du  combuation 
dumber  wall.  For  tbeae  teals,  however,  du  decoic  maidi.  wtdcfa  previdea  du  conventional  igiddan  for 
du  propellant,  is  mourned  at  die  end  of  a  sted  electrode  to  prevent  extnision.  in  place  of  the  muzzle  end 
mounted  gauge.  Only  the  side-mounled  pressure  gauge  is  used,  and,  as  mentioned  previously,  its  pressure 
signal  is  sent  via  the  microdot  wiring  to  a  duige  amplifier.  TUs  charge  amplifier  is  connected  to  the 
transmioei/recdva-  fiber-optic  system  vriiicfa  deliven  du  signal  to  be  lecmded  into  a  4094  hficokt 
oscillosct^.  This  amjdifier  is  also  cmnected  to  the  voltage  detector  dicuit  and  time  delay  generator 
vriiidi  in  turn  triggos  die  ignition  (PFN  mercuiy  switch)  (Figure  S). 

4.  CIRCIJIT 

The  ideal  arrangement  would  have  the  time  delay  geneiatm'  triggered  diiecdy  from  die  Dymec  fiber- 
(^c  link  output,  which  in  turn  would  trigger  die  ignition  and  fire  the  PFN.  For  die  propose  ot 
detennining  die  am{ditude  of  the  required  triggering  signal,  diffeiem  voltages  were  tested  using  the  cfamge- 
amidifier  and  fiber-optic  link.  In  these  te^  die  Dymec  fiber-optic  Ihdt  had  to  ouqwt  a  3-V  minimum 
anqditude  signal  in  order  to  triggm-  the  time  delay  generator.  This  would  account  for  over  one-diiid  of 
the  total  pressure  rise,  allowing  no  roron  for  possible  time  delays  or  effective  interactions  of  the  plasma 
with  the  bunting  pnqpdlanL  If,  in  turn,  the  gain  in  the  chaige  amjdifier  was  increased  so  dut  a 
S-V  minimum  output  signal  was  obtained  with  a  smaller  ii^t  rignal,  then  die  resulting  calibnaion 
constant  was  too  huge  and  the  pressure  data  obtained  suffered  undesiied  "clipping.” 

The  added  dicuit  detects  the  pressure  rise  at  a  lower  voltage  amplitude  and  amfdifies  die  signal, 
providing  an  adequate  input  that  triggers  the  delay  generatin’  udiile  allowing  die  chaige  amplifiro  to  be  set 
at  die  prqier  calibration  ratio.  The  minimum  voltage  required  fiv  triggering  was  shown  to  be  about 
400  mV,  roughly  eight  times  less  than  before. 

An  alternating  current  (AQ  coiqding  cqiadtor  (Cl)  allows  die  pressure  pulse  into  die  inveiting  input 
of  an  LM741  operational  anqilifier.  The  LM741  requires  typically  low  siqifdy  croient  and,  as  oonnecied, 
ofifers  a  low  iqwt  impedance.  The  capadtance  diosen  for  Cl  is  10  pF.  and  since  its  reactance  is  veiy 
small  conqiared  to  the  741  iiqiut  impedance,  it  is  seen  as  a  shoit  dicuit  by  die  AC  input  dgnal  (see 
Hgure4). 
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The  -«th****<  iigiiil  it  Hat  taao  a  Hooad  aafe  acmv  a  1N914  diode  (Dl)  to  avoid  aay  fcedbacfc  talo 
die  flnt  atage.  The  LM741  leii  die  cuncnt  (Ib)  at  die  baae  ctf  die  fint  NFN  oaariaiof  ao  that  both 
2N3904  tianaiatMfa  become  biaaed  in  dieir  opentbig  regiooa.  Them  3904  NPN  tiwaiaton  am  comecaed 
to  foim  a  CC  -  CC  "DaiUngtoo  paif'  (Ryder  1976).  Thia  ooonection  makea  both  tnnaiatofi  woik  aa  a 
ain^  unit,  but  with  a  total  cunent  gain  of  at  leaat  die  piodua  of  each  of  the  direct  cmrent  (DQ 
coHector-baH  current  gaina  OdFE)  of  eadi  NPN  tiansiatan  (T1  and  T2)  (aee  Figure  4).  The  net  eCGect  of 
die  Dariinglon  dicuit  is  to  raise  die  gain  of  an  indivkhial  tiansiaim  by  a  power  of  two,  aaauming 
qipioximHdy  equal  transistor  gain  (see  Appendix  A). 

The  obtained  output  was  over  4  V  with  80  mA  into  50  Os.  The  ignidon  triggered  each  time  die 
simulated  "calibradtm"  signal  (with  PFN  disduuged)  was  produced  at  400  mV  (minimum),  hfost 
impoitandy,  the  dicuit  functioned  (Mopeily  during  ctxiventkmally  initiated  firings  and  triggered  the  delay 
generator  vdiidi  in  turn  discharged  the  FFN  at  desired  preset  delays.  Hguics  6a-c  document  a  400-mV 
input  signal  into  the  voltage  detector,  its  3.316'V  output  vidiidi  causes  die  triggeiiiig  of  the  time  dd^r 
generator,  and  the  S2.44-V  generator  output  that  triggers  the  ignidon  switdi.  The  circuit  bdiavior  wm 
simulated  throu^  Microctqi  ni.  Two  switches  dosed  from  S  ps  to  6  ps  to  simulate  a  putee  or  transient 
dmilar  to  die  one  caused  by  die  calilxadon  agnal  used  to  test  die  actual  dicuit  The  results  are  shown 
in  Hguies.7a-c  (see  also  Appendix  A). 


5.  FIBER-OPTIC  CIRCUrr 


ARL’s  Wetqxms  Technology  Directorate  (WTD)  has  various  ciqiacitor-based  pulsed  power  firoiUdes. 
Due  to  die  large  dectrical  energy  involved,  usually  oa  the  order  of  hundreds  of  kilojoules,  dieir  use 
requires  dutt  the  charging  and  grounding  of  die  oqiadtor  banks  be  performed  caudoudy  and  safdy. 
Because  of  the  excellent  isolation  provided  by  fiber-optic  transmisskHi/recdver  links,  a  Hewktt-Padcaid 
fiber-optic  transmitter  (contrd  room)  and  recdver  (range)  modds  HFBR 1S24/2S24  were  used  to  send  a 
DC  control  signd  from  the  control  room  to  FFN  relays. 

The  Hewlett-Packard  fiber-t^c  transmitter  TX1524  sends  a  DC  control  signal  to  a  hybrid  SSRT 
12(H)10, 120-V  AC  3-  to  32-V  DC  relay,  via  its  RX2S24  receiver.  This  relay,  in  turn,  oomrols  die  AC 
vdtage  input  of  the  Ugh-volti^  relays  (Ross  Engineeiing  model  E25-NC-2S-2-0).  By  closing  or  opening 
drere  relays,  the  cqiacitor  banks  are  grounded  or  lifted  from  ground  (via  a  5%  CuSo4  wato-  solution 
"dump"  redston),  enabling  the  FFN  to  be  ener^zed. 
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The  TX1S24  transmitter  is  powered  by  two  9-V  batteries  connected  in  pualleL  A  270^  resistor  is 
used  at  pin  No.  1  (Figure  8)  to  set  an  input  current  to  the  ligln-anitting  diode  (LED)  below  its  750-mA 
maximum  rating.  Pin  No.  2  is  coimected  to  ground,  and  pin  Nos.  3  nd  4  are  not  used.  The  tnmsmitted 
signal  acdvttes  a  photodiode  located  in  the  RX2S24  receiver,  whose  output  is  an^ilified  and  sent  into  a 
Schotdcy  transistor.  The  receiver  has  a  provision  to  "pull  up"  a  hi|^  output  duou^  a  1-kQ  "pull  vp" 
resistor  on  pin  No.  4.  Pin  No.  1  is  the  output  and  pin  Nos.  3  and  2  are  the  WCC  (-t-S-V  DC  qiplied 
vdtage  source)  and  ground  connections,  respectively.  A  secondaiy  circuit  (see  ^ipendix  B),  which 
consists  of  an  NW  transistor.  Nor  gates,  and  LM741  op-an^n,  condates  the  transmitter  anqtlified  signal 
into  die  SSRT  hybrid  and  high-voltage  relays  matching  an  "ON”  status  with  an  "OPEN”  relay  mode  nd 
an  "(MT’”  status  with  a  "CLOSED"  one.  This  secondaiy  circuit  also  ensures  that  die  hi^vdtage  relays 
are  set  "ON"  or  "OPEN"  only  when  the  TX1524  transmitter  is  "ON."  An  uiuntemqxaUe  power  supply 
(UPS)  is  used  inside  the  range  because  undesirafale  fluctuadons  in  die  AC  could  affect  the  DC  output 
voltage  level  on  die  AC/DC  convener  that  powers  die  RX 1524  receiver  and  die  secondaiy  dicuit,  causing 
damagiiig  M^voltage  relay  "chatter."  A  Microcq)  III  simulation  (see  Appendix  B)  diows  the  output  at 
the  hytuid  relay  DC  tenninals. 

6.  SAFETY 


The  arrangement  (uevioudy  mendoned  arntrols  the  td^voltage  relay  qieradon  solely  by  the  "ON" 
and  "OFF  of  the  fiber-<^c  switch.  The  usage  of  the  moitxmed  UPS  ensures  a  stable  -t-VCC  of  -t-S  V 
for  die  RX2S24  receiver,  avoiding  die  possibility  of  high-voltage  relay  "chattming"  (Katulka  et  al.  1991; 
Ecdcshall  1990).  The  5(X)-Q  resistor  added  across  the  DC  side  of  the  SSRT  hybrid  relay  reduces  its  5-kD 
iqput  impedance  and  boosts  the  output  cuirent  This  airangement  maximizes  die  voltageAcurrent  gain  when 
the  hybrid  relay  in  "ON."  The  potendal  differences  between  these  "HIGH"  and  "LOW"  outputs  easily 
control  the  SSRT  (4-V  DC  maximum  at  8  mA),  ptoviding  a  very  reliable  "CLOSED"  or  "(X’EN"  PFN 
iday  mode.  Two  of  the  higb-voltage  PFN  relays  auxiliary  ou^xits  are  connected  each  by  a  l-kO  resistor 
to  3'V  DC  red  and  green  LEDs,  reqwcdvdy.  These,  in  turn,  are  grounded  by  470-Q  resistors. 

At  the  range,  an  AC/DC  converter  solid-state  power  stqgdy  (Global  series  GHF  1-24)  provides 
die  -fS-V  DC  fiv  the  -t-VCXT  of  the  RX2524  fiber-optic  receiver,  die  4001  "NOR"  gate,  and  both 
LM741  opHDps.  It  also  provides  die  AC  needed  for  the  Mgh-vtdtage  iday  opmation.  If  this  ACVDC 
convener  is  "ON"  mid  die  fibo’-t^itic  link  is  set  "OFF,"  die  high  vdtage  relays  will  dose  ("OFF  mode), 
and  consequendy,  die  green  LEDs  will  be  set  "ON"  (safe  mode).  If,  however,  the  fiber  optic-link  is  set 
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tt  UViMin 


"ON/ the  hifil-voittte  idayi  win  open  TON*  iiiodeX  tte  nd  IJBDi  wiB  be  MC  "ON"  (iBH^ 

If  die  AC^X  oonvefter  is  "OTF,"  tfae  "CW"  end  "OFF"  of  die  fflioHiptic  rignal  bas  no  oontral  on  tbe 
fdbqn. 

7.  CONCLUSIONS 

Tbe  Maxwell-innition  dicuit  allowed  PFN  triggering  at  veiy  eariy  stages  of  tbe  conventional  pressuie 
rise,  via  tbe  Kisder  signal,  and  added  the  wanted  ddays  on  die  plasma  injection  to  the  ETC  pan  of  tbe 
combostion  cycle.  The  qnoelectronic  dicuit  has  beat  opetadng  as  a  temote  contnri  switch  for  two  PFN 
fadltties  located  at  Bldg.  390,  Rmiges  161  and  174  (100  kJ  and  ISO  kJ.  leqKCtively).  ft  bas  been  proven 
to  be  very  telidde  and  has  enhanced  the  sa:^  in  the  (^)eraiion  of  tfae  capadtw  bonks  invtdved. 


IS 
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ThecuiicatleMtiieeaiitierttfTl  equal! 

(1  *  Id^l])  *  Ib(Tl)  -  IbCnX 

wtakli  is  the  baae  cufient  to  T2,  and  beiqg  dK  cufitnt  at  the  emitiBr  of  T2  equal  ID 

(1  +  hFBrn])  *  Ib(T2). 

The  cuiient  gain.  leCnVIbCTl).  is  approximately  equd  to 

hFECri)WE(T2). 

The  emitter  of  T1  connected  to  die  base  of  T2  creates  an  "emioer  feedbadc,"  which  assures  the  circoit 
linearity.  However,  if  the  emitter  of  T1  and  the  emitter  of  the  second  transistor  T2  are  connected  by  a 
second  1N914  diode  (D2).  a  Cuter  turn  "ofT  Ah' T2  occurs  (see  Hguies  6a  and  6c),  Umidng  the  current 
leakage  fiom  T1  to  dte  base  of  T2  because  of  die  vcdtage  drop  acrou  the  diode  D2,  thus  avoiding  setting 
T2  into  oonducdon  widi  the  leakage  current  The  input  resistance  into  Tl,  without  the  second  diode  D2, 
would  .equal  hFE(Tl)  multqilied  by  the  input  resistaoce  imo  the  base  of  T2,  wdiicfa  equals 

hFECr2)*RL 

and  is  substantially  larger.  Because  D2  hu  a  retistance  RD2  often  dun  100  Qs,  in  paraUel  to  dm  SO-Q 
"load"  resistance  RL  of  die  time  delay  generator,  diis  results  in  a  retistanoe  equal  or  ten  dun  SO  a.  The 
iiqwt  resistance  to  Tl  is  dien  approximately  equal  to 

hFECri)*50 

or  ten  dun  S  kO,  Mid  because  the  741  op-anq)  hn  the  inverted  input  connected  to  the  ouqmt  pin,  its  inpirt 
resistance  Zin  is  n^ligible  (otherwise  on  the  order  of  lOE+12  Os).  So,  n  the  lOiiF  capacitor  phis  the 
5  kQ  input  impedance  acts  n  a  high-pan  filter,  the  fSdb  break  ptdnt  equals 

l/(2*pi*Zin*0, 
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wUcii  is  ksi  thai  1  IeHk.  Bec«Meofiioemltier''feedbick*diieioilieieoandtfodenz,teciiGaltl>oo 
kofcrUiieirCneHfiiieTaXinKlndnga  peak  its  oittpttaidei^^  Hfoie  7c  Aowa  the  dower  ton 
"ofTofTZirticndieeBdaerofTl  isooonecteddiiecdytodiet)aaeofT2.  Rgnie  7b  dayws  tfw  bdnvior 
of  die  circuit  wben  a  resistor  (SO  Q)  compaiabk  to  the  resistance  of  D2  connects  T1  and  T2  innead, 
decreasing  die  gain  substandally. 
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Wlm  the  Sduttky  is  "(»r  (iUC2S24  "ON*),  pin  NoM  it  fiounded  by  way  of  pin  hk).  2.  «Mcii  is 
connected  to  giound.  When  the  Schottky  is  "OFF.*  it  creates  a  hi|h  resistance  between  ooqwt  pin  Nos.  1 
and  2  to  ground.  This  fiKt  is  used  (Hgures  B-la  and  B-lb)  to  coonea  an  NFN  2N3904  tmisior  in  die 
following  way:  ccdlector  C  to  pin  Mb.  4.  base  B  to  pin  No.  1.  and  emitter  E  to  gromd.  across  a  13-MQ 
resistor.  Pin  Nos.  4  and  1  have  a  1-kO  resistor  across  them,  to  set  the  right  base  current  at  VB.  base  to 
die  NFN  transistor,  v^ien  die  Schocdcy  transistor  is  "OFF." 

When  die  Schottky  is  "ON."  the  outpitt  CB  tidten  horn  the  base  B  of  the  NFN  is  low  (as  pin  Na  1 
is  grounded  through  Sdiottky  tranristor  to  pin  No.  2%  But  when  the  Schottky  is  "OFF,"  a  base  current 
is  establidied  through  B.  and  the  NFN  is  biased  properly  as  pin  No.  4  is  "MOH."  and  the  transiator  is  then 
opertting  in  its  active  r^kMi.  creating  a  high  output  at  VB.  The  output  is  taken  fiom  B.  instead  of  E. 
because  the  emitter  voltage  VE  is  almost  totally  dqxndent  of  the  -t-S-V  DC.  This  vtdtage.  for  all 
purposes,  would  oontnd  the  hybrid  rday  instead  of  the  "ON."  "OFF"  from  the  fiber-optic  link.  Because 
a  "HIGH"  output  at  VB  is  obtained  vrfien  die  switch  is  "OFF"  and  a  "LOW*  output  is  similatly  obtairied 
when  the  switch  is  "ON."  a  *N(B("  gme  is  used  as  a  next  step  in  die  circuit,  to  make  the  "HIGH"  output 
correqxMid  to  an  "ON”  switch  and  the  "LOW"  output  to  an  "OFF*  switch.  The  "NOR"  gate  "truth  table" 
is  shown  in  Figure  8.  Only  two  "NOR"  gates  are  used  of  the  total  fiNir  provided  by  the  4001  chip.  Eadi 
has  two  inputs.  By  grounding  one.  as  die  taUe  shows,  its  output  can  only  be  "HIGH"  when  die  odier 
irgwt  is  also  "LOW.”  Because  further  am[dification  is  needed,  as  the  hybrid  SSRT  relay  requires  3-V  DC 
iiqwt  minimum.  2  op-amps  are  added  to  die  drcuiL  The  input  to  die  "N(A"  gates  is  by  way  of  pins 
Nos.  1  and  9  and  die  ouqxits  by  pin  Nos.  3  and  10.  The  output  from  pin  No.  3  (NORl)  will  be  the  iagnt 
to  a  first  LM741  op-anqi,  v^di  will  output  the  -t-VCC  voltage  to  operate  the  second  "NCBl"  gate  (N(Ht2). 
nn  No.  10  wfll  in  turn  provide  the  input  to  the  second  op-amp. 

The  K^rocap  m  simulation  in  Hgures  B-1  duough  B-3  show  the  output  at  a  500-0  resistor  R1 
(across  a  hybrid  relay  DC  termiruds)  to  be  in  agreemottwidi  the  actual  citcuit  For  purposes  of  shnulating 
die  action  of  the  fiber-optic  switdi  on  the  circuit,  two  switches  are  used  to  set  a  square  pulse  of  a  30-ps 
length.  The  actual  circuit  has  the  second  LM741  powered  die  output  of  die  first  LM741,  and  the  two 
"NOR"  gates  have  die  -fS-V  source  as  dieir  -t-VCX?  source.  As  the  Kficrocrq)  m  shnulation  does  not 
provide  an  irqmt  port  in  die  sdiematic  Ah’ the  op-amps -t-VCX:.  but  it  does  for  the  "NCm"  gates,  die  output 
of  die  first  LM741  is  shown  oonnecied  to  power  die  second  "NOR"  gate.  The  final  result  is  the  same, 
as  the  second  LM741  actuates  the  high-voltage  relays  only  when  the  fiber-optic  signal  has  been  processed 
duough  die  first  ”N(Xt"  gate,  enabling  the  second  "NOR”  gate  via  die  first  LM741.  Either  way,  diese 
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rapricji 


Hguie  B>3. 


connections  assure  that  the  high*v<ritage  relays  can  be  set  "ON”  only  when  the  fiber-optic  sigmd  has 
reached  the  RX2S24  receiver.  Ifowever,  if  undesired  fiuctuations  ofbet  the  +5-W  VCXT  vdiile  the  fiber¬ 
optic  switch  is  "ON."  the  high  power  relays  will  "diatter.”  This  can  be  avoided  by  powering  the  ACTDC 
converter,  which  is  the  -t-S-V  VCC  source  for  the  RX2524.  throu^  an  UPS. 
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and  Engineering  Center 
ATTN:  SMCAR-PSA-T,  M.  SddNiiy 
Picatinny  Arsenal,  NJ  07806-5000 

6  Commander 

U.S.  Army  Armament  Research,  Development, 

and  P-nginmring  (Vnfif 

ATTN:  SMCAR-FSE, 

T.  Cora 

B.  Knotdricy 
K.C.Pan 
W.  Davis 

C.  Durham 
A.  Graf 

Picatinny  Arsenal,  NJ  07806-5000 
6  Commander 

U.S.  Army  Aimament  Research.  Development, 
and  Enghieearing  Center 
ATTN:  SMCAR-EG, 

G.  Ferdinand 

H.  Naber-Libby 
R.  Londbeig 

J.  Niles 
R.  Moreira 
W.Mocdfi 

Picathmy  Arsenal.  NJ  07806-5000 

3  U.S.  Army  Research  Laboratory 

Electiooics  and  Power  Sources  Directorate 
Pulse  Power  Center 
ATTN:  AlriSRL-EP-MC. 

Dr.  D.  Singh 
Dr.  T.  Poldesak 
Mr.  R.  Psstore 

Bldg.  2707 

FbitMoiirooodi.NI  07703-5000 
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No.  of 


1  Univoniiy  ofTexitat  AdiofiaQ 
Dqp«eMtt  of  Ekctriod  Ea^neeriog 
ATIN:  Dr.  Loyd  B.  Oonkn 
Box  19016 

AiUngloo.  IX  760194016 

1  Scieoce  AppBcaiioM  lixanaik^ 
ATTN:  Dr.  Kddi  Jamuoo 
1247-B  North  Eglin  Parioway 
Shalimar,  FL  32S79 


Aberdeen  Brovina  OrouiKl 

4  Cdr.  USACSTA 

ATTN:  SIECS-DA-ID. 
Nfr.  Wallace 
Dr.  Brands 
STECS-AA-AE, 
Mr.  Martin 
CPT  Browning 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Labontoiy  undeitakes  a  continuing  efliwt  to  improve  the  quali^  of  the  iqxHts  it  publiAes.  Your 
commems/iuis'weis  to  Ae  items/questions  bdow  will  aid  us  in  our  elfoits. 

1.  ARL  Report  Number  ABL-T1.-404 _ DateofRepMt  RT  _ 

2.  DateRepoitReoeived _ 

3.  Does  this  iq»n  satisfy  a  need?  (Comment  on  puipoae,  related  project,  or  other  area  of  interest  for 

which  the  iqtoit  win  be  used.) _ 


5.  Has  the  infonnatkHi  in  dds  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  ddlars  saved, 
operating  costs  avtrided,  or  efBdencies  achieved,  ete?  If  so,  fdease  elaborate. _ 


6.  General  CtHnments.  What  do  you  Aink  should  be  changed  to  improve  foture  reports?  (Indicate 
changes  to  mganization.  technical  crmtent,  format,  etc.) _ 


Organization 

CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

Qty,  State,  Sp  Code 

7.  IfindicatingaChangeof  Addresser  Address  Correction,  i^ease  provide  the  Current  or  Correct  address 
above  and  Ae  Old  or  Incorrect  address  below. 


Organization 

OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 


(Remove  Ais  sheet,  fold  as  indicated,  tqie  closed,  «id  maiL) 
(DO  NOT  STAPLE) 


Department  of  the  Army 


OFROAL  BUSINESS 


BUSINESS  REPLY  MAIL 
BRST  cuss  rewfciiin.  IPS,  w 

EosUQt  «a  ftc  Mid  by  adifeMSM. 


Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-B  (Tech  LJb) 
Aberdeen  Proving  Ground,  MD  21005-5066 


NO  aOSTACi 
NCCfSSAMV 
ir  MAILlO 
m  TNC 

UNiTtO  STATI 


